Abstract. Heart damage induced by chlorpromazine (CPZ) toxicity is associated with changes in the expression of various enzymes and proteins. This study aimed to investigate CPZ-induced alterations in cardiac E-cadherin and caveolin-1 (cav-1) after CPZ administration. Male Wistar rats were randomly divided into two groups: a control group and a CPZ group. The CPZ group was administered CPZ intraperitoneally at a single dose of 10 mg/kg for 21 days; the controls were given the same amount of saline via the same route. On Day 22, the rats were anesthetized, and a thoracotomy was performed in all animals. Immunohistochemical analysis was performed to evaluate protein expression of E-cadherin and cav-1. Sections were analyzed by digital image analysis. Results of the present study revealed that cardiac protein expression of E-cadherin and cav-1 was altered after CPZ-induced toxicity in the rat. The expression of E-cadherin was significantly reduced, while expression of cav-1 was significantly increased after CPZ treatment, as supported by integrated optical density analysis, compared with the control (P<0.05). The current findings indicate that such changes in the expression of E-cadherin and cav-1 may be reflected in abnormal cardiac function, and these proteins may be useful in revealing the mechanisms underlying CPZ-induced toxicity and may also provide additional insight for further research.
Introduction
The discovery of the antipsychotic properties of chlorpromazine (CPZ) in the 1950s was a fundamental event in the practice of psychiatry and for the genesis of the so-called ʻpsychopharmacological revolution' (1) . CPZ is currently one of the three antipsychotic drugs on the WHO Essential Drug List (2) . CPZ, a first-generation antipsychotic drug, is effective in the treatment of schizophrenia (3) . CPZ is also a potent antipsychotic agent and is widely used for the amelioration of anxiety, depression and psychosis (4, 5) . It was demonstrated that CPZ is a dopamine-receptor antagonist antipsychotic agent (6) . CPZ, which remains a benchmark treatment for individuals with schizophrenia, has been described as a prooxidant compound (7) . Moreover, CPZ is a phenothiazine derivative used clinically to control psychotic disorders, and has been found to exhibit anticancer activity (8) . Therapeutic success of atypical antipsychotics has focused attention on the role of receptor systems other than the dopaminergic system in the pathophysiology of neuroleptic-associated acute and chronic extrapyramidal side effects (9) .
CPZ is a classical neuroleptic drug which produces both therapeutic effects as well as unwanted side effects in humans such as sedation, autonomic, endocrine and neurological effects. Blockade of dopamine D-2 receptors caused by CPZ induces these untoward side effects (10) . It has been shown that accumulation of CPZ in animal bodies causes side effects in the circulatory and nervous systems and has adverse effects on blood cells (11) . Moreover, CPZ often causes side effects including cutaneous photosensitization and ocular damage (11) . It also has been demonstrated that CPZ treatment results in cardiovascular diseases. Many cases of sudden CPZ-related deaths have been identified in forensic autopsies (12) .
CPZ-induced toxicity is associated with changes in superoxide dismutase and catalase activities (13) . However, little is known concerning changes in E-cadherin and caveolin-1 (cav-1) expression in the heart after CPZ-induced toxicity.
The current study used immunohistochemistry to evaluate the expression of E-cadherin and cav-1 in the heart and to determine whether protein expression is altered upon CPZ-induced toxicity.
Materials and methods
Sixteen healthy adult male Wistar rats, weighing 180-210 g, were used in this study. All animals were maintained in a temperature-and humidity-controlled environment and a 12-h light and dark cycle. Rats were fed with a standard pellet chow and water throughout the experimental period. All procedures described in this study were approved by the Ethics Committee of Sun Yat-Sen University.
E-cadherin and caveolin-1 alterations in the heart of rats having undergone chlorpromazine-induced toxicity Animals and study design. Animals were divided randomly into 2 groups, each with 8 rats. CPZ group animals were induced by an intraperitoneal injection of CPZ at a dose of 10 mg/kg/day for 21 days; the control group animals were only treated with normal saline for 21 days in equal volumes as for the experimental groups (10, 14) . After 21 days of treatment with CPZ (10 mg/kg/day), control and experimental animals were anesthetized with xylazine (10 mg/kg) and ketamine HCl (50 mg/kg) and sacrificed. A thoracotomy was then performed. The heart was harvested, fixed in phosphate-buffered 10% formalin, embedded in paraffin wax, and sectioned (4 µm) for light microscopy and immunohistochemical examination.
Histopathologic examinations. Heart specimens from each group were removed and examined histopathologically. The heart tissues were fixed in 10% formalin buffer, processed and embedded in paraffin, sectioned (4 µm), and then stained with hematoxylin and eosin. The slides were coded and semiquantitative analysis of the sections was performed without knowledge of the treatment protocol. In these tissues, pathologic changes were evaluated (15, 16) .
Tissue sections and immunohistochemical staining. All rat hearts were immersed in 4% formaldehyde solution with phosphate-buffered saline (PBS, pH 7.2), and embedded in paraffin, followed by sectioning coronally with a microtome into 4-µm sections. After deparaffinization, all sections were immersed in 0.3% H 2 O 2 -PBS for 10 min and incubated with PBS containing 1% normal goat serum to reduce nonspecific reactions. After incubation with either rabbit anti-E-cadherin, or anti-cav-1 (Santa Cruz Biotechnology, USA) overnight at 4˚C, tissue sections were washed three times in phosphate-buffered saline (PBS) and incubated with biotinconjugated secondary antibody for 1 h at room temperature according to the manufacturer's instructions. The specimens were then incubated with peroxidase-conjugated avidinbiotin for 30 min at room temperature, and positive reactions were visualized with diaminobenzidine (DAB) (17) (18) (19) . Two negative control sections were used, incubated only with the primary or the secondary antibody, respectively.
Total integrated optical density (IOD), a parameter representing expression levels of E-cadherin and cav-1 in cardiac tissue, was determined using a cast-grid microscope (MetaMorph/DP10/Bx41, UIC/Olympus, US/JP) together with an image-analysis program (MetaMorph offline, version 4.65). Under a magnification of x400, five images were captured in each immunostained section and the average calculated (18, 19) .
Statistical analyses. Statistical analyses were performed by using SPSS 11.0 software. The results were presented as the mean ± SEM. The sources of variation were analyzed by unpaired Student's t-test. A P-value of <0.05 was considered to be statistically significant.
Results
Histological examination. Routine histological examination revealed little morphologic change in rat hearts from each group (data not shown).
Immunohistochemical staining. Immunohistochemical staining was performed on formalin-fixed, paraffin-embedded sections from all parts of the heart including the conduction system.
Expression of E-cadherin protein.
Positive staining for E-cadherin antibody was detected mainly in the extra cellular matrix. The E-cadherin antibody was manifested as fine brown granularity. Two observers examined the sections independently.
Positive expression of E-cadherin in the control (Fig. 1A ) and CPZ-injured rat hearts (Fig. 1B) was noted. Total IOD expression of E-cadherin in the rat hearts from each group is documented in Table I . Total IOD expression of E-cadherin in hearts from rats having undergone CPZ-induced toxicity was significantly lower than that found in the control (P<0.05).
Expression of caveolin-1 protein.
The cav-1 staining was detected mainly in the extracellular matrix, and positive staining for cav-1 was manifested as fine brown granularity.
The distribution of cav-1 in the rat hearts of the control and CPZ groups is displayed in Fig. 2A and B, respectively. Total cav-1 IOD in the heart of animals subjected to CPZ-induced toxicity was significantly higher than that of the control hearts (Table I ) (P<0.05).
Discussion
CPZ is widely used for the amelioration of anxiety, depression and psychosis. Yet, the undesirable associated side effects decrease the quality of life of patients to a great extent.
Cadherins are a large family of cell-cell adhesion molecules that tether cytoskeletal networks of actin and intermediate filaments to the plasma membrane (20) . It is a superfamily of Ca(2+)-dependent cell surface glycoproteins that play a morphogenetic role in a wide variety of developmental processes (21) . Cadherins are essential components of adherens junction complexes that mediate cell-cell adhesion and regulate cell motility (22) . It is also a major adhesion molecule regulating cell-cell and cell-matrix interactions (23) . Cadherins are Ca(2+)-dependent cell-cell adhesion proteins with an extracellular region of five domains (24) , and are Ca(2+)-dependent transmembrane proteins that are associated with actin via other cytoplasmic proteins (25) .
E-cadherin is a member of the cadherin family of Ca(2+)-dependent cell-cell adhesion molecules (26) . It is a 120 kDa cell-cell adhesion molecule involved in the establishment of epithelial adherens junctions (27) , and also is an important cell adhesion molecule that plays paramount roles in organ development and the maintenance of tissue integrity and normal epithelial cell phenotype (28) . E-cadherin, a cell adhesion protein, has been shown to take part in the compartmentalization, proliferation, survival and differentiation of cells (29) . Maintenance of E-cadherin mediated cell-cell contacts is often required for the survival of epithelial cells and tissues (30) . E-cadherin is a cell structural protein that has an important role in cell-cell adhesion and epithelial development (31) . It mediates cell-cell adhesion, which is essential for the maintenance of the architecture and integrity of epithelial tissues, and is often lost during carcinoma progression (32).
The dynamic control of E-cadherin is critical for establishing and maintaining cell-cell junctions in epithelial cells (33) . Decreased E-cadherin in the heart noted in our results suggests that the tissues were greatly damaged after undergoing CPZ-induced toxicity. The present study indicates that CPZ-induced toxicity causes decreased E-cadherin expression related to impaired heart function.
Cav-1, a 21-to 24-kDa integral membrane protein, is a major structural coat protein of caveolae, specialized plasma membrane invaginations involved in multiple cellular functions (34) , including molecular transport, cell adhesion and signal transduction (35) . Cav-1 plays crucial roles in the regulation of various physiologic and pathophysiologic processes such as oncogenic transformation and tumorigenesis, and tumor invasion and metastasis (36) . Cav-1 is involved in cholesterol homoeostasis, transcytosis, endocytosis and signal transduction and is thought to play an important role in lipidogenesis (37) . It has been reported that cav-1 is involved in the pathogenesis of ischemic injuries (38) . It has also been suggested that cav-1-deficiency is associated with substantial urogenital alterations (39) . Furthermore, chronic disruption of cav-1 protein expression in the kidney induces hypertension (40) . It has been suggested that cav-1 plays an important part in regu- Figure 1 . Effect of chlorpromazine-induced toxicity on E-cadherin expression in the rat heart. Photomicrographs display a representative distribution of E-cadherin positive expression in hearts from the (A) control and (B) chlorpromazine-exposed group. All photomicrographs were captured at a magnification of x400. Positive immunostaining appears as brown staining (arrow). Figure 2 . Effect of chlorpromazine-induced toxicity on caveolin-1 expression in rat hearts. Photomicrographs reveal a representative distribution of positive caveolin-1 expression in hearts from the (A) control and (B) chlorpromazine-exposed group. All photomicrographs were captured at a magnification of x400. Positive immunostaining appears as brown staining (arrow). Table I . The integrated optical density (IOD) of E-cadherin and caveolin-1 in heart of rats. The integrated optical density (IOD) per field is proportional to the total amount of staining. Total E-cadherin IOD expression in rat heart having undergone chlorpromazine-induced toxicity was significantly lower compared with control hearts (P<0.05). Total caveolin-1 expression in rat heart subjected to chlorpromazine-induced toxicity was significantly higher compared with the control (P<0.05).
lating pulmonary permeability (41) , and may be related to the development and progress of pulmonary fibrosis (42) .
Cav-1 is a multifunctional protein that is tyrosine-phosphorylated in response to injury and has been implicated in ROS-mediated injury (43) . Cav-1 is involved in the regulation of tight junction proteins and is modulated by oxidative stress (44) . Mechanistically, tumor cells induce autophagy in adjacent cancer-associated fibroblasts via the loss of cav-1, which is sufficient to promote oxidative stress in stromal fibroblasts (45) . The upregulation of cav-1 and cell motility by hydroxylfree radicals suggests an important role of ROS as a positive regulator of tumor progression (46, 47) . Furthermore, cav-1 can play a stimulatory role in NO signaling (48) . The impacts of cav-1 on hepatocarcinogenesis may occur partly through its modulation of eNOS (49) . Endothelial cav-1 is an anchoring protein in plasma membrane caveolae where it binds endothelial nitric oxide synthase and limits its activation (50) .
It has been suggested that cav-1 is an important regulator of γ-secretase activity (51) . Excess cav-1 has been reported to play a role in age-dependent hyporesponsiveness to growth factors in vitro (52) , and cav-1 interacts with large conductance Ca(2+)-activated potassium channels and likely exerts a negative regulatory effect on the channel activity (53) . It has been shown that cav-1 participates in the rapid signaling elicited by the hormone (54) . Cav-1, the scaffolding protein of caveolae, has also been shown to play an important role in host defense and inflammation (55) . Increased cav-1 in the heart noted in our results suggests that the tissues were greatly damaged after having undergoing CPZ-induced toxicity. The present study indicates that CPZ-induced toxicity causes increased cav-1 expression which is related to impairment of the heart function.
Our present study demonstrated that cardiac protein expression of E-cadherin and cav-1 is altered after CPZ-induced toxicity in the rat. After undergoing CPZ-induced toxicity, protein expression of E-cadherin was significantly reduced while cav-1 was significantly elevated. The present study indicates that CPZ-induced toxicity causes different alterations in heart proteins that may be related to cardiac-function deterioration.
In conclusion, the current findings indicate that alterations in E-cadherin and cav-1 expression may be reflected in abnormal cardiac function. The proteins identified in this study may be useful in revealing the mechanisms underlying CPZ-induced toxicity and may also provide further insight for further research.
